1. Tubular handling of sodium in hypertensive patients has been evaluated with urinary phosphate excretion used as a marker for proximal tubular reabsorptive capacity.
Introduction
Patients with essential hypertension have an exaggerated natriuretic response to volume expansion (Cottier, Weller & Hoobler, 1958; Baldwin, Biggs, Goldring, Hulet & Chasis, 1958; Papper, Belsky & Bleifer, 1960) . The mechanism responsible for this phenomenon, as well as the site of its occurrence in the nephron, are a matter of controversy. Buckalew, Puschet, Kintzel & Goldberg (1969) considered that the ascending limb of the loop of Henle was the major site of the impaired sodium reabsorption in volumeexpanded hypertensive patients because they showed a depressed capacity to generate free water during hydration as well as a reduced ability to reabsorb free water during hydropenia. Steinmetz, Eisinger, Gombos, Chasis & Baldwin (1964) and Dorhout Mees & de Graaf(1973) , however, have demonstrated that the renal capacity of hypertensive patients to form free water was intact, suggesting that the ascending limb function was normal.
These conflicting data prompted us to re-examine the handling of sodium by the kidney in hypertensive patients. In addition, we investigated the characteristics of the tubular reabsorption of phosphate in these patients. Assuming that the major site of phosphate reabsorption is the proximal tubule (Wilde & Malvin, 1958; Strickler, Thompson, Klose & GiBbisch, 1964; Massry, Friedler & Coburn, 1973) , it was hoped that study of the excretory pattern of this ion would help in localizing the tubular site responsible for the exaggerated natriuresis in volume-expanded hypertensive patients.
This work was presented in part at the Seventh Annual Meeting of the American Society of Nephrology, Washington, D.C., 26 December 1974.
Methods
We studied nine patients (aged 17-35 years) with essential hypertension, and nine normal volunteers of similar age. All had normal renal function, as
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judged by urinalysis, maximal urinary osmolality greater than 850 mosmol/kg, normal 24 h creatinine clearance and normal intravenous pyelograms. The nature of the investigation was fully explained to each subject before obtaining their consent and the study was approved by the Ethical Committee of the Rambam Hospital.
The hypertensive patients had been referred to us because of periods of sustained hypertension of at least 160/100 mmHg. All hypotensive drugs were discontinued at least 2 weeks before this study and both patients and controls were kept on regular hospital diet during the study. On the morning of the experiment, each subject received an oral water load of 20 ml/kg body weight and a sustained water diuresis was maintained by oral replacement equal to the urine flow. Volume expansion was achieved by the intravenous infusion of 2.5 1 of sodium chloride solution (154 mmol/l) at a rate of 15 ml/min and was started only after urine osmolality fell to 70 mosmol/kg or less. During the saline load, urine was collected at intervals of 15 min and venous blood samples were drawn with minimal stasis at the mid-point of each urine collection. Urinary volumes were replaced by oral water ingestion in order to attain maximal suppression of antidiuretic hormone. The patients were maintained in the recumbent position during the study and were allowed to sit only for voiding. After an appropriate priming dose, a sustaining infusion of inulin and p-aminohippurate in isotonic sodium chloride solution was given at a rate of 1.0 ml/min by a constant-infusion pump.
All blood and urine samples were analysed for inulin, p-aminohippurate, sodium, potassium, phosphate, calcium and osmolality by methods previously described from our laboratory (Better, Tuma, Richter-Levin, Szylman, Geresh, Elbaz & TABLE 1. Effect of isotonic sodium chloride solution loading on hypertensive patients and normal control subjects V= urinary flow; UoSm.= urine osrnolality; C.,,.= osmotic clearance; Cwace,= free water clearance; Clnulln= clearance of inulin;
UNaV=rate of sodium excretion; CNa=sodium clearance; CWaIer+ CNa+~=distal load of sodium; C p~~= c l e a r a n c e of paminohippurate; Cphosphate= phosphate clearance. N.S.= not significant. GFR= glomerular filtration rate. 
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Chaimovitz, 1972). Osmolar clearance (Cos,.) was determined from the formula U,,,. x V/P,,,. where Uos,. and Pas,. represent urine and plasma osmolality respectively and V is the urine flow rate (ml/min). Solute-free water clearance was calculated as V-CoS,.. CWat,, +CNs+K provides an estimate of sodium delivery to the diluting segment. Urinary potassium was added to the calculation in order to take into account the sodium delivered to the distal tubule exchanged for potassium. Student's t-test was employed in the statistical analysis of the data. Fig. 1 free water clearance has been plotted against calculated distal delivery of sodium. It can be seen from the graph that C,,t,, for given rates of distal delivery was similar in both groups.
Results
Discussion
Our results confirm that volume expansion in hypertensive patients results in an exaggerated natriuresis, and adds the observation that phosphaturia parallels the natriuresis. Phosphate excretion was utilized as a marker of proximal tubular reabsorption. In our hypertensive patients, the supranormal phosphaturic response to volume expansion coupled with enhanced calculated distal delivery of sodium suggests a greater reduction of proximal tubular reabsorption in * * FIQ. 1. Relation between fractional free water clearance and fractional distal delivery of sodium during volume expansion in hypertensive patients ( 0 ) and control subjects (0) . GFR= glomerular filtration rate.
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volume-expanded hypertensive patients than in control subjects. In contrast to this difference in proximal tubular handling of sodium, sodium reabsorption at the diluting site for given rate of distal delivery was normal in our hypertensive patients. This study assumes that the bulk of phosphate is reabsorbed proximally and for clinical purposes phosphate excretion is a valid proximal marker. This is supported by current consensus (Wilde & Malvin, 1958; Strickler et al., 1964; Massry et al., 1973) . Admittedly, a small amount of phosphate may be reabsorbed distally, particularly in hypoparathyroidism (Amiel, Kuntziger & Richet, 1970 ). This need not affect the interpretation of our results in normal persons.
Numerous studies have emphasized the close interrelationship between proximal reabsorption of sodium and phosphate. Thus urinary excretion of phosphate and sodium increase in parallel after volume expansion (Massry, Massry, 1971) . It is therefore reasonable to assume that the exaggerated natriuresis and phosphaturia in hypertensive patients is at least partially due to a more profound suppression of proximal tubular reabsorption than in those with normal blood pressure.
It could be argued that the exaggerated phosphaturia associated with hypertension is due to a greater dilution of serum calcium during volume expansion, resulting in increased parathormone secretion in hypertensive patients. This possibility appears remote since the fall in plasma total calcium concentration during volume expansion was similar in the two groups studied and there is no discernible reason why the degree of ionization of calcium should differ. This question will be finally resolved when amounts of ionized calcium and parathormone in plasma can be measured under these conditions.
Our study utilized C,,,,, +CNa+K (Stein, Abramson, Bercovitch & Levitt, 1965; Stein, Abramson, Kahn & Levitt, 1967) as an approximation of distal delivery of sodium. The limitation of this index and inherent sources of error have been previously discussed (Barton, Lackner, Rector & Seldin, 1972; Better & Massry, 1972) . It can be added in the present context that even during maximal suppression of antidiuretic hormone there may be some back diffusion of water at the collecting duct, and, therefore, C,.,., + CN.+K underestimates the distal sodium supply and CWat,, underestimates sodium transport at the diluting site. This factor of error, however, was probably common to both groups, and the similar urinary osmolality in all test subjects suggests a uniform degree of suppression of antidiuretic hormone. Our findings of enhanced distal delivery in the hypertensive patients is in accord with a proximal locus for their exaggerated diuresis of sodium after volume expansion, a conclusion supported by the enhanced phosphaturia in this group.
The normal tubular reabsorption of sodium at the diluting segment in the hypertensive patients of the present study is at variance with the findings of Buckalew et al. (1969) . These authors found diminution of the rate of free water formation, as well as a decrease in maximal free water reabsorption, during volume expansion in their hypertensive patients, suggesting a defect in sodium transport at the ascending limb of the loop of Henle. The reason for the discrepancy between these findings and our present data is not clear. Possibly, the fact that three out of the four hypertensive patients in the study of Buckalew et al. (1969) had moderate decrease in glomerular filtration rate, whereas in all of our nine patients with hypertension this was normal, makes it inappropriate to compare the two series.
Viskoper, Ben-Ishay & Aviram (1974) recently failed to demonstrate exaggerated phosphaturia in volume-expanded hypertensive patients. The discrepancy may be accounted for the different protocol in these two studies. Viskoper et al. achieved only a modest degree of volume expansion, as judged by the relatively low rate of urinary sodium excretion in their test subjects, as compared with our study. In addition, in a certain phase of their study glucose infusion was used, adding an osmotic component to the natriuresis. We did not use glucose infusion in our study.
